The [3, 3] -sigmatropic rearrangement of allyl vinyl ethers 1 is an indispensable tool in organic synthesis, and catalysis of this reaction has further strengthened its impact. 2 In general, Lewis acid catalysis of the Claisen rearrangement can be divided into two classes: hard Lewis acids, which catalyze the reaction by coordination to the oxygen atom, 3 and soft Lewis acids, in particular those based on Hg(II) and Pd(II), which catalyze the reaction through coordination to the π-bonds. 4 The latter mode of catalysis is often limited by binding of the electrophilic metal to the strongly nucleophilic vinyl ether, thus preventing activation of the allylic olefin. Recent reports of Au(I)-catalyzed additions to alkynes, 5 suggest that this limitation might be absent in a Au(I)-catalyzed acetylenic Claisen rearrangement. 6 Importantly, a general catalytic version of the Claisen rearrangement of propargyl vinyl ethers has yet to be developed. 7 In light of our previous success employing Ph 3 PAuOTf for carbon-carbon bond formation, 5a we chose this catalyst system in preliminary studies of the acetylenic Claisen rearrangement. While Ph 3 PAuOTf did afford the desired allene 2, 8 a substantial amount of the product derived from competing [1,3]-rearrangement was also formed (eq 1). Interestingly, changing the counterion from triflate to tetrafluoroborate addressed the problems of regiocontrol; however, the use of Ph 3 PAuBF 4 as a catalyst provided almost racemic homoallenic alcohol 2 from enantioenriched propargyl vinyl ether 1. 9 Our interest in catalysis with metal-oxo complexes 10 led us to consider the gold-oxo complex, [(Ph 3 PAu) 3 O]BF 4 , 11 as an alternative means by which to access electrophilic Au(I) species. 12 In the event, treatment of enantioenriched propargyl vinyl ether 1 with 1 mol % [(Ph 3 PAu) 3 O]BF 4 afforded homoallenic alcohol 2 in 91% yield and with nearly complete chirality transfer.
With optimized reaction conditions in hand, we set out to define the scope of the catalytic acetylenic Claisen rearrangement. The Au(I)-catalyzed reaction is effective for a diverse collection of propargyl vinyl ethers (Table 1) . Specifically, substrates containing electron-rich and electron-deficient aryl groups at the propargylic position afforded good to excellent yields of the desired homoallenic alcohols (entries 1-6). A range of alkyl groups can also be incorporated at the propargylic position, including linear and branched aliphatic moieties (entries 7-11). Substitution at the alkyne terminus is equally tolerated, spanning hydrogen (entry 1), aryl (entries 7 and 8), and alkyl substituents (entries 2-6 and 9-13). Importantly, the reaction is tolerant of commonly employed protecting groups, such as silyl ethers (entries 2 and 9) and pivolate ester (entry 3). Furthermore, tertiary propargyl vinyl ethers can be employed in the reaction, at slightly elevated temperatures, to afford tetrasubstituted allenes in good to excellent yield (entries 12 and 13) . Notably, the efficiency of the reaction is illustrated by the ability to perform a number of reactions with as little as 0.1 mol % [(Ph 3 PAu) 3 O]BF 4 (entries 6-8 and 11).
Our preliminary experiments directed toward catalyst optimization revealed that [(Ph 3 PAu) 3 O]BF 4 was uniquely effective at transferring central chirality of the starting carbinol to axial chirality in the allene product (eq 1). We have found that this reaction is applicable to a variety of substrates providing access to enantiomerically enriched homoallenic alcohols 13 (eq 2). For example, Au-(I)-catalyzed reaction of silylacetylene (R)-4n proceeds with complete chirality transfer to provide allenylsilane 14 (S)-5n in 98% yield after reduction of the intermediate aldehyde.
Employing -substituted vinyl ethers in the Claisen rearrangement affords synthetically useful R-substituted carbonyl products. 15 To probe the diastereoselectivity of the acetylenic Claisen rear- rangement, (E)-enol ether 6 was subjected to the Au(I)-catalyzed and thermal conditions. The catalytic reaction proceeds smoothly at 40°C to afford a single diastereomer of 7, while the thermal reaction required heating to 170°C and produced a 1:1.5 mixture of diastereomers in favor of the opposite diastereomer (eq 3). 16 Additionally, allene 9 can be prepared enantio-and diastereoselectively from the rearrangement of vinyl ether 8 (eq 4).
A mechanistic hypothesis based on a cyclization-induced rearrangement 4c catalyzed by Au(I) is shown in Scheme 1. A 6-endodig addition of the enol ether onto gold(I)-alkyne complex 10 results in the formation of intermediate 11. The diastereoselectivity of the rearrangement can be accounted for by considering the halfchair transition state 17 leading to 11. The vinyl substituent (R′) occupies a pseudoequatorial position, and the propargylic group (R) adopts a pseudoaxial orientation in order to avoid A 1,2 -strain with the vinyl gold substituent. Grob-type fragmentation of 11 affords the -allenic aldehyde and regenerates the cationic Au(I) catalyst.
In accord with a mechanism involving alkyne activation, the Au(I)-catalyzed reaction of vinyl ether 12 shows a high degree of selectivity for the acetylenic Claisen over the allylic Claisen pathway (eq 5). This is in sharp contrast to reported hard Lewis acidcatalyzed 3b and thermal rearrangements 18 that are selective for the allyl vinyl rearrangement.
In conclusion, we have developed an air-and moisture-tolerant Au(I) catalyst for the acetylenic Claisen rearrangement. The goldcatalyzed reaction provides access to a variety of homoallenic alcohols, which can be prepared enantioenriched when employing a nonracemic propargyl vinyl ether. The reaction is highly stereoselective and proceeds under mild conditions with low catalyst loading. Efforts aimed at utilizing Au(I) complexes as catalysts for other rearrangements and understanding the unique role of the trinuclear gold catalyst are ongoing in our laboratories. 
